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(54) Solid state image pickup device and manufacturing method therefor 



(57) In a solid state image pickup device, in order to 
form a bypass region with precisely controlled impurity 
concentration and width, there is provided a solid state 
image pickup device comprising a photoelectric conver- 
sion unit composed of a first region of a first conductive 
type formed on a semiconductor substrate and having 
a principal surface, a second region of a second con- 
ductive type formed in the first region, and a third region 
of the first conductive type present between the second 



region and the principal surface, a fourth region of the 
second conductive type formed in the first region, and 
a charge transfer unit including the first region, an insu- 
lation layer on the first region and a control electrode 
provided on the insulation layer, for transferring a signal 
charge accumulated in the photoelectric conversion 
unit, to the fourth region, wherein the photoelectric con- 
version unit and the charge transfer unit are connected 
through a fifth region of the second conductive type. 



FIG. 3 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a solid state 
image pickup device and a method for manufacturing 
the same. 

Related Background Art 

[0002] As the representative structures of the solid 
state image pickup device, there are known a CCD sen- 
sor consisting of photodiodes and CCD shift registers, 
and a CMOS sensor such as APS (active pixel sensor) 
consisting of photodiodes and MOS transistors. 
[0003] The APS is provided, in each pixel, with a pho- 
todiode, an fvlOS switch, an amplifier circuit for amplify- 
ing the signal from the photodiode etc., and has various 
advantages of enabling XY addressing and single-chip 
integration of the sensor and the signal processing cir- 
cuit. On the other hand, because of a larger number of 
elements in each pixel, the APS is associated with a 
smaller pixel aperture rate and difficulty in reducing the 
chip size which determines the dimension of the optical 
system, and, for these reasons, the majority of the com- 
mercially available solid state image pickup devices is 
represented by the CCD. 

[0004] However the CMOS sensor is recently attract- 
ing attention, because of the progress in the technology 
for size reduction of the MOS transistors and the in- 
creasing demand for the single-chip integration of the 
sensor and the signal processing circuit and for the low- 
er electric power consumption. 
[0005] Fig. 1 is an equivalent circuit diagram of a pixel 
region of the conventional APS and a solid state image 
pickup device utilizing the same, as reported by Eric R. 
Fossum et al. at the 1995 IEEE Work Shop. In the fol- 
lowing there will be briefly explained the configuration 
of the prior technology. 

[0006] The photoelectric conversion unit is composed 
of a buried photodiode of the type employed in the CCD. 
The buried photodiode with a surfacially highly doped 
p-layer can suppress the dark current generated at the 
SiO a surface, and there can also be formed a junction 
capacitance between the n-layer in the accumulation 
unit and the surfacial p-layer, thereby increasing the sat- 
uration charge amount of the photodiode. 
[0007] A photo-induced signal charge Q^g accumu- 
lated in a photoelectric conversion unit (photodiode) 
PPD is transferred, through a transfer unit TX consisting 
of a MOS transistor, to a floating diffusion region FD. 
[0008] The signal charge Q sig is converted by the ca- 
pacitance C FD of the floating diffusion region into a volt- 
age Q 3 jg/C FD , which is read through a source follower 
circuit. 

[0009] In such prior technology, however, since the n- 



layer constituting the charge accumulation region is 
separated from the surface, it is necessary, in order to 
read the charge from such charge accumulation region 
to the floating diffusion region, to apply a voltage higher 
5 than in the ordinary MOS transistor to the control elec- 
trode of the MOS transistor employed in the transfer unit 
(transferring MOS transistor). 

[0010] Fig. 5 shows the potentials of the channel re- 
gion in a conventional MOS transistor and the transfer- 
to ring MOS transistor. In Fig. 5, the light enters from the 
left-hand side, and, on the right-hand side there are 
formed in succession a transparent insulation layer such 
as of Si0 2 or SiN, a highly doped p-layer and an n-layer 
constituting the photodiode. The curve show changes 
JS in the potential level under the voltage application. In 
Fig. 5, there are shown an oxide layer 301 , Fermi level 
302 of the n-layer of the photodiode, Fermi level 303 of 
a bypass region, a potential 304 under the application 
of a threshold voltage of the present invention, and a 
20 potential 305 under the application of the threshold volt- 
age of the prior technology. 

[0011] As indicated by a broken line in Fig. 5., the po- 
tential has to be varied larger since the n-layer is sepa- 
rated from the surface. 
25 [0012] The threshold voltage V lh of the conventional 
MOS transistor is given by the following equation: 

30 °OX 

wherein: 

<)>: Fermi potential 

35 v s : substrate bias 

e^: dielectric constant of Si 
q: charge amount of electron 
N sub : substrate impurity concentration 
V FB : flat band voltage 

40 c ox : parasite capacitance of floating diffusion re- 
gion. 

[001 3] On the other hand, the threshold voltage V th of 
the transfer MOS transistor for transfer from the buried 
45 photodiode is given by the following equation, wherein 
Xj is the junction depth of the surfacial p-layer of the pho- 
todiode: 

so = ^ ' S ' SU " **+(2* F + V S )M 2 + V ra 



(24> F +y a )^, 

H ^sub 

[0014] Since the difference of the two becomes larger 
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as the impurity concentration in the substrate becomes 
higher, the charge reading becomes more difficult with 
the increase in the impurity concentration of the sub- 
strate in case of a finer geometry of the elements. 
[0015] More specifically, under the conditions of an 
oxide layer thickness of 15 nm and an impurity concen- 
tration of 8 X 10 16 cm -3 in the p-type well, the threshold 
voltage of the ordinary MOS transistor is about 0.7 V 
while that of the buried source becomes as high as 5.0 
V. In the prior art, it becomes impossible to read almost 
all the charge from the photodiode with the increase in 
the threshold voltage. As a result, the charge remains 
in the photodiode, thus forming a retentive image or a 
noise, thus significantly deteriorating the image quality. 

SUMMARY OF THE INVENTION 

[001 6] The object of the present invention is to provide 
a solid state image pickup device capable of efficiently 
transferring the charge accumulated in the photoelectric 
conversion element, and a manufacturing method 
therefor. 

[001 7] In order to attain the above-mentioned object, 
according to an aspect of the present invention, there is 
provided a solid state image pickup device comprising 
a photoelectric conversion unit including a first region of 
a first conductive type formed on a semiconductor sub- 
strate having a main surface, a second region of a sec- 
ond conductive type formed in the first region, and a third 
region of the first conductive type formed between the 
second region and the main surface; a fourth region of 
the second conductive type formed in the first region; 
and a charge transfer unit including the first region, an 
insulation layer on the first region and a control electrode 
on the insulating layer, for transferring a signal charge 
accumulated in the photoelectric conversion unit to the 
fourth region; wherein the photoelectric conversion unit 
and the charge transfer unit are connected through a 
fifth region of the second conductive type. 
[0018] Also according to the present invention, there 
is provided a method for forming a solid state image 
pickup device including at least (1 ) a photoelectric con- 
version unit including a first region of a first conductive 
type formed on a semiconductor substrate having a 
main surface, a second region of a second conductive 
type formed in the first region, and a third region of the 
first conductive type formed between the second region 
and the main surface, (2) a fourth region of the second 
conductive type formed in the first region, (3) a charge 
transfer unit includingthe first region, an insulation layer 
on the first region and a control electrode on the insula- 
tion layer, for transferring the signal charge accumulated 
in the photoelectric conversion unit to the fourth region, 
wherein the method comprising an ion implantation step 
of doping an impurity for forming the second conductive 
type into the second region, utilizing the control elec- 
trode of the charge transfer unit as a mask. 
[0019] According to another aspect of the present in- 



vention, there is provided a method for forming a solid 
state image pickup device comprising a photoelectric 
conversion unit including a first region of a first conduc- 
tive type formed on a semiconductor substrate having 

s a main surface, a second region of a second conductive 
type formed in the first region, and a third region of the 
first conductive type formed between the second region 
and the main surface; a fourth region of the second con- 
ductive type formed in the first region; and a charge 

10 transfer unit including the first region, an insulation layer 
on the first region and a control electrode on the insula- 
tion layer, for transferring the signal charge accumulated 
in the photoelectric conversion unit to the fourth region, 
wherein a fifth region of the second conductive type is 

15 formed between the photoelectric conversion unit and 
the charge transfer unit. 

[0020] Other objects of the present invention, and the 
features thereof, will become fully apparent from the fol- 
lowing description, which is to be taken in conjunction 
20 with the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0021] 

25 

Fig. 1 is a schematic cross-sectional view of a prior 
art; 

Figs. 2A and 2B are cross-sectional views of a CCD 
provided with a bypass region; 
so Fig. 3 is a cross-sectional view of an embodiment 
of the present invention; 

Fig. 4 is a planar potential chart of the embodiment 

of the present invention shown in Fig. 3; 

Fig. 5 is a cross-sectional potential chart of the em- 

35 bodiment of the present invention shown in Fig. 3; 
Figs. 6A, 6B, 6C and 6D are cross-sectional views 
showing the manufacturing process of an embodi- 
ment 2 of the present invention; 
Figs. 7A, 7B, 7C and 7D are cross-sectional views 

to showing the manufacturing process of an embodi- 
ment 3, 4, 5 or 7 of the present invention; 
Fig. 8 is a cross-sectional view showing the manu- 
facturing process of an embodiment 4, 5 or 7 of the 
present invention; 

45 Figs. 9A, 9B, 9C and 9D are cross-sectional views 
showing the manufacturing process of an embodi- 
ment 6 of the present invention; 
Fig. 10 is a cross-sectional view showing the man- 
ufacturing process of an embodiment 7 of the 

so present invention; 

Fig. 11 is an equivalent circuit diagram of a pixel in 
the present invention; and 
Fig. 12 is an equivalent circuit diagram of an region 
sensor of the present invention, including a read- 

55 out circuit. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] In the following there will be explained a first 
embodiment of the present invention. Referring to the 
configuration shown in Fig. 3, there is provided, between 
the photodiode and the transfer MOS transistor, an re- 
gion of a conductive type same as that of the charge 
accumulation layer. For example, in case of a photodi- 
ode consisting of a charge accumulation region formed 
in a p-well and a surfacially highly doped p-layer formed 
on the surface of the charge accumulation region, there 
is provided an n-doped region. Such the region is here- 
inafter called a bypass region. As a result of providing 
the bypass region, the electrons in the charge accumu- 
lation region move to the floating diffusion region 
through the bypass region of the low potential and the 
surface of the transfer MOS transistor, whereby the 
threshold voltage thereof can be made lower than in the 
prior art. 

[0023] However, the concept of such bypass region is 
already adopted in the image pickup device employing 
the CCD shift register, and a configuration shown in Fig. 
2B was reported in the Television Association Technical 
Report Vol. 13, No. 11 (1989). The bypass region con- 
sisting of a surfacially highly doped p-layer 505 is pre- 
pared for example by forming a resist layer 507 as 
shown in Fig. 2A. In Figs. 2A and 2B, there are shown 
an n-type substrate 501 , a p-well 502, a CCD vertical 
transfer electrode 503, an n-layer 504 constituting the 
photodiode, and a CCD vertical register 506. 
[0024] The bypass region is required to meet the fol- 
lowing conditions: 

(1) A certain impurity concentration and a certain 
width are required for the function as the bypass re- 
gion; and 

(2) The bypass region has to be depleted for all the 
reading conditions, in order to achieve depleted 
transfer. 

[0025] Thus the conditions (1 ) and (2) respectively de- 
termine the lower limit and the upper limit of the impurity 
concentration and the width of the bypass region. If the 
impurity concentration of the substrate increase as a re- 
sult of pixel size reduction, the margin for the impurity 
concentration and the width of the bypass region is in- 
evitably reduced. 

[0026] Also in case of employing the CCD shift regis- 
ter, there result following limitations: 

(1) the n-channel region of the vertical CCD shift 
register, corresponding to the drain region of the 
transfer MOS transistor, has to have a low impurity 
concentration, and 

(2) the different between the gate voltage of the 
transfer MOS transistor and the voltage of the drain 
region thereof (channel region of the vertical CCD 



shift register) is almost as small as the build-in po- 
tential resulting from the difference in the impurity 
concentration. 

5 [0027] Consequently, in the image pickup device em- 
ploying the CCD shift register, the lines of electric force 
from the drain region of the transfer MOS transistor do 
not have any influence on the photodiode. 
[0028] On the other hand, the configuration of the 

10 present embodiment has the following features: 

(1) the drain region of the transfer MOS transistor 
comprising a highly doped n-region, constituting the 
floating diffusion region; and 
»s (2) the drain voltage being controllable independ- 
ently from the gate voltage. 

[0029] As a result, in the present embodiment, the 
lines of electric force from the drain region can be made 

so to influence the photodiode, thereby assisting the ex- 
traction of electrons from the charge accumulation layer. 
[0030] Therefore, the aforementioned margin of the 
impurity concentration and the width of the bypass re- 
gion can be made wider in comparison with that in the 

25 prior art. The potential state of the present embodiment 
is shown in Fig. 4. 

[0031] In Fig. 3, the photoelectric conversion element 
(photodiode) is obtained by forming a p-well 102 on an 
n-type substrate 1 01 , then forming an n-layer 1 04 in the 

so p-well 102, and forming a p-iayer 105 with a highly 
doped surface on the n-layer 104. A floating diffusion 
region FD 107 is obtained by forming an n-layer 107 in 
the p-well 102. A gate region 103 of the transfer MOS 
transistor is formed above the region between the pho- 

35 todiode and the floating diffusion region 107 across an 
insulation layer, and, between the photodiode and the 
floating diffusion region FD 1 07 there is formed a bypass 
region continued from the n-layer of the photodiode. 
[0032] Afloating diffusion region FD 107 is connected 

40 to the gate of an amplifying MOS transistor of an output 
circuit, while the source of the amplifying MOS transistor 
is connected to the drain of a line selecting switch MOS 
transistor 111 , of which source is connected to a current 
source 1112 constituting the load of the amplifying MOS 

4S transistor, whereby a source follower amplifying circuit 
is constituted. 

[0033] The floating diffusion region FD 107 is also 
connected to the source of a resetting MOS transistor 
for setting the floating diffusion region FD, and the drain 
so of the resetting MOS transistor is connected to a reset- 
ting power source 109. 

[0034] In the following there will be explained the fea- 
tures of the present invention, together with the expla- 
nation of the charge reading operation. In response to 
55 the incident light, the electrons generated by photoelec- 
tric conversion are accumulated in the n-layer of the 
photodiode. In this state, the transfer MOS transistor is 
in the tumed-off state. After the lapse of a predetermined 
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accumulation time, a positive voltage is applied to the 
control electrode (gate region) of the transfer MOS tran- 
sistor, thereby turning on the same and transferring the 
charge accumulated in the n-layer of the photodiode to 
the floating diffusion region. Before the transfer MOS 
transistor is turned on, the floating diffusion region is re- 
set to a predetermined potential. When the accumulated 
charge, consisting of electrons, is transferred to the 
floating diffusion region, the potential is lowered by Q sig / 
C FD from the reset potential, wherein Qgj g is the trans- 
ferred charge and C FD is the floating diffusion capaci- 
tance. If the charge accumulation layer of the photodi- 
ode is p-type, the voltage is elevated because the trans- 
ferred charge consists of positive holes. 
[0035] In such APS, it is possible to eliminate a major 
part of the reset noise of the floating diffusion region 1 07 
by retaining the output signal V r1 immediately after the 
resetting of the floating diffusion region 107 and calcu- 
lating a difference (V sig1 -V^) wherein is the output 
signal in which Q S jg/C FD is overlapped with the reset sig- 
nal. In particular, a higher noise elimination rate can be 
attained if the photodiode and the transfer MOS transis- 
tor satisfy the following condition. Stated differently, it is 
important that the signal charge accumulated in the n- 
layer of the photodiode is read out with a higher propor- 
tion. 

[0036] More specifically, if the transfer MOS transistor 
is in a sufficiently turned-on state, the n-layer of the pho- 
todiode is given an inverse bias VFD sig1 with respect to 
the ground potential of the p-well and the surfacially 
highly doped p-layer, wherein VFD sig1 is the voltage of 
the floating diffusion region lowered by Q sig /C FD from 
the reset voltage after the signal reading. In this state, 
a depletion layer extends from the p-well and the surfa- 
cially highly doped p-layer to the n-layer to deplete the 
entire n-layer of the photodiode, whereby the signal 
charge can be read to the floating diffusion region, al- 
most without the remaining signal charge in the photo- 
diode. 

[0037] In the present embodiment, the photodiode is 
reset simultaneously with reading of the signal charge 
to the floating diffusion region. If no electrons remain in 
the n-layer of the photodiode after the signal reading, 
namely under the application of the inverse bias VFD sig1 
to the n-layer, the reset noise can be completely elimi- 
nated by calculating the difference between the output 
signal V r1 immediately after the resetting and the output 
signal V sig1 consisting of the reset signal superposed 
with Q sig /C FD , and there can thus be obtained an output 
V sig1 - V r1 = Q sig /C FD x A wherein A is the gain of the 
output circuit provided for each pixel. 
[0038] To this output signal, there is added a noise 
AV n -| of the output circuit present for each pixel, and the 
final output from the integrated circuit formed as the re- 
gion sensor further includes a noise AV n2 of the read- 
out system after the output circuit for each pixel. 
[0039] In order to achieve the signal read-out as ex- 
plained above, it is necessary to satisfy a relation V^p 



< by applying an inverse bias to the n-layer of the 
photodiode, wherein V^p means a voltage at which the 
entire n-layers starts to be depleted. The depletion volt- 
age of the photodiode generally means an inverse bias 

s voltage realizing a condition: 

[0040] Number of accumulated charges in the accu- 
mulation unit < net number of impurities. 
[0041] Ideally, zero electrons remain in the n-layer of 
the photodiode after the signal read-out, but the actual 

w level of signal read-out in fact depends on the designing 
of the system. Practically, the remaining signal level 
should be sufficiently smaller than the aforementioned 
noises AV n1 , AV n2 . 

[0042] In order to realize the above-described opera- 

15 tions, it is necessary to sufficiently turn on the transfer 
MOS transistor, and, for this purpose, the present inven- 
tion utilizes the bypass region 106 between the buried 
photodiode and the transfer MOS transistor. The bypass 
region need not necessarily be in contact with the sem- 

20 conductor surface, as shown in Fig. 4. Because, the by- 
pass region is provided between the n-layer of the pho- 
todiode and the channel of the transfer MOS transistor, 
and, being a buried channel, it need not reach the sur- 
face. Also in case the channel is formed at the surface, 

25 the bypass region desirably reach the surfacial channel, 
but, even if it does not reach the surfacial channel, there 
can be obtained a transfer MOS transistor with a suffi- 
ciently lower threshold voltage in comparison with that 
in the prior art, according to the aforementioned equa- 

30 tions. 

[0043] It is also effective that such bypass region is 
present under the gate of the transfer MOS transistor. 
With the application of a gate voltage, the potential un- 
der the gate is pushed up, and this effect is also applied 
35 to the bypass region, thereby further reducing the po- 
tential. 

[0044] The present embodiment is featured by a con- 
figuration in which the transfer MOS transistor is con- 
nected to the floating diffusion region, and the present 
40 inventors have found that this configuration provides fol- 
lowing effects: 

1 ) The impurity concentration of the floating diffu- 
sion region can be selected high, so that the deple- 
45 tion layer formed between the well and the floating 
diffusion region can be effectively widened toward 
the p-well by the applied bias. This arises from a 
fact that the voltage at the read-out (reset voltage) 
can be entered arbitrarily and directly; 
so 2) In contrast to the small dynamic range, as in 
CCD, determined by the build-in potential of the im- 
purity profile, there can be secured a wide dynamic 
range that can be controlled by an external voltage; 
and 

55 3) An appropriate voltage at the signal read-out al- 
lows to suitably lower the potential barrier in the vi- 
cinity of the bypass region, thereby facilitating the 
signal read-out. 
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[0045] In the APS, since each pixel contains many 
transistors, the transistors themselves have to be made 
smaller for reducing the pixel size, thus inevitably result- 
ing in an elevated impurity concentration of the wells of 
the photodiode and the transfer MOS transistor. Also the 
power supply voltage has to be lowered in reducing the 
size of the transistors. In order to reduce the depletion 
voltage V dep while maintaining a constant amount of 
charge processed in the photodiode, it is necessary to 
design the accumulation layer (n-layer in Fig. 3) of the 
photodiode with a higher impurity concentration and 
with a smaller thickness. Also it is necessary to reduce 
the width of the bypass region since it has to be depleted 
together with the n-layer of the photodiode. 
[0046] The stricter precision required for the dimen- 
sion of the n-layer of the photodiode and of the width of 
the bypass region, combined with the higher impurity 
concentration of the well, leads to an increased number 
of fluctuating parameters in the manufacturing process, 
thus leading to an even stricter precision required for the 
process and a lowered production yield. In particular, the 
width of the bypass region, being in the direction along 
the surface of the silicon substrate and generally less 
precise than the dimension in depth, constitutes a major 
factor in the deterioration of the production yield. The 
present invention increases the tolerance of the width 
of the bypass region by the above-mentioned effect (3), 
thereby improving the production yield. 
[0047] The present invention also allows to increase 
the production yield, by improving the working precision 
of the width of the bypass region, through the manufac- 
turing process to be explained in the following. 
[0048] The bypass region in the conventional CCD 
has a significantly fluctuating width, depending on the 
aligning accuracy of the exposure apparatus, since it is 
formed by ion implantation of the n-layer of the photodi- 
ode prior to the formation of the control electrode of the 
transfer MOS transistor and ion implantation of the sur- 
facially highly doped p-layer, utilizing the control elec- 
trode of the transfer MOS transistor as a mask. 
[0049] On the other hand, the present embodiment 
can improve the dimensional precision, since the by- 
pass region is formed by ion implantation, utilizing the 
control electrode of the transfer MOS transistor as a 
mask. 

[0050] In the foregoing, the features of the present in- 
vention has been explained by a configuration of accu- 
mulating electrons, but the present invention is likewise 
applicable to a case of accumulating positive holes and 
is not limited by the type of the accumulated charge or 
of the transfer MOS transistor. 
[0051] Now reference is made to Figs. 6A to 6D for 
explaining a second embodiment of the present inven- 
tion, relating to a method of forming the solid state image 
pickup device explained in the first embodiment. In the 
present embodiment, the photodiode and the peripheral 
configuration were formed in the following manner. 
[0052] Boron was introduced by ion implantation into 



an n-type substrate 901 , which was heat treated to form 
a p-well 902 with a surfacial impurity concentration of 
ca. 2 X 10 16 cm -3 . Then a photoresist layer 908 was 
formed and an n-layer 904 of the photodiode was ob- 
5 tained (Fig. 6A). 

[0053] Then a gate oxide layer 91 0 of a thickness of 
30 nm was formed on the entire substrate surface by 
thermal oxidation, and a control electrode 903 of the 
transfer MOS transistor was formed (Fig. 6B). 
io [0054] Then a photoresist layer 909 was formed on 
the photodiode and a part of the control electrode on the 
substrate surface, and, after a heat treatment of 950°C/ 
20 min. in nitrogen atmosphere, a surfacially highly 
doped p-layer 905 was formed, utilizing the control elec- 
ts trode 903 as a mask (Fig. 6C). 

[0055] Then an As floating diffusion region 907 was 
formed according to the ordinary semiconductor proc- 
ess (Fig. 6D). 

[0056] In this process, source and drain regions of the 

20 ordinary MOS transistor were formed. 

[0057] Subsequently, a first interlayer insulation layer, 
a contact, a first metal wiring, a second interlayer insu- 
lation layer, a via connecting the first and second metal 
wirings, a second metal wiring and a passivation layer 

25 were formed one after another according to an ordinary 
semiconductor process. 

[0058] As a result, there was formed a bypass region 
906 of a width of about 100 nm. The threshold voltage 
of an ordinary MOS transistor having highly doped n- 

30 type diffusion layers on both sides thereof, the threshold 
voltage of a transfer MOS transistor having a source 
consisting of a buried n-layer without the bypass region 
and the threshold voltage with the bypass region (con- 
figuration of the present invention) were respectively 

35 evaluated as 0.7 V, 2.2 V and 0.7 V. These results indi- 
cate that the threshold voltage is lowered to the level of 
the ordinary MOS transistor. The reduction in the thresh- 
old voltage widens the dynamic range of the floating dif- 
fusion region by at least 1 .5 V. 

40 [0059] Now reference is made to Figs. 7A to 7D for 
explaining a third embodiment of the present invention, 
relating to a method of forming the solid state image 
pickup device explained in the first embodiment. In the 
present embodiment, the photodiode and the peripheral 

45 configuration were formed in the following manner. 
[0060] Boron was introduced by ion implantation into 
an n-type substrate 601 , which was heat treated to form 
a p-well 602 with a surfacial impurity concentration of 
ca. 4 X 10 16 cm -3 . After the formation of a gate oxide 

50 'layer 610 of a thickness of 15 nm by thermal oxidation, 
polycrystalline silicon was deposited with a thickness of 
400 nm, thereby forming a control electrode 603 of the 
transfer MOS transistor (Fig. 7A). 
[0061] Then phosphor ions were implanted under 1 00 

55 keV, utilizing a photoresist layer 608 and the control 
electrode 603. 

[0062] In this operation, with respect to the thickness 
of 400 nm of polycrystalline silicon, the projection stroke 
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and standard deviation of phosphor were respectively 
120 and 45 nm, whereby the polycrystalline silicon 
served satisfactorily as a mask (Fig. 7B). 
[0063] Then, after the elimination of the photoresist 
layer 608, heat treatment was conducted for 20 minutes 
at 950°C in nitrogen atmosphere to cause certain diffu- 
sion of phosphor. Then a photoresist layer 609 was 
formed again, and ion implantation of BF 2 was conduct- 
ed at 35 keV, utilizing the photoresist layer 609 and the 
control electrode 603 as a mask (Fig. 7C). 605 indicates 
a surfacially highly doped p-layer. 
[0064] Then an As floating diffusion region 607 was 
formed by an ordinary semiconductor process (Fig. 7D). 
In this operation there were formed source and drain re- 
gions of the ordinary MOS transistor. In Fig. 7D, 606 in- 
dicates a bypass region. 

[0065] Subsequently, a first interlayer insulation layer, 
a contact, a first metal wiring, a second interlayer insu- 
lation layer, a via connecting the first and second metal 
wirings, a second metal wiring and a passivation layer 
were formed one after another according to an ordinary 
semiconductor process. 

[0066] As a result, there was formed a bypass region 
606 of a width of about 100 nm. The threshold voltage 
of an ordinary MOS transistor having highly doped n- 
type diffusion layers on both sides, the threshold voltage 
of a transfer MOS transistor having a source consisting 
of a buried n-layer without the bypass region and the 
threshold voltage with the bypass region (configuration 
of the present invention) were respectively evaluated as 
0.7 V, 3.5 V and 0.7 V. These results indicate that the 
threshold voltage is lowered to the level of the ordinary 
MOS transistor. 

[0067] Now reference is made to Figs. 7A, 7B and 8 
for explaining a fourth embodiment of the present inven- 
tion, relating to a method of forming the solid state image 
pickup device explained in the first embodiment. In the 
present embodiment, the photodiode and the peripheral 
configuration were formed in the following manner. 
[0068] Boron was introduced by ion implantation into 
an n-type substrate 601 , which was heat treated to form 
a p-well 602 with a surfacial impurity concentration of 
ca. 4 X 10 16 cm -3 . After the formation of a gate oxide 
layer 610 of a thickness of 15 nm by thermal oxidation, 
polycrystalline silicon was deposited with a thickness of 
400 nm, thereby forming a control electrode 603 of the 
transfer MOS transistor (Fig. 7A). 
[0069] Then oblique ion implantation of phosphor was 
conducted under 100 keV, utilizing a photoresist layer 
1008 and the control electrode 1003 as the mask. The 
ion implantation angle 9 was selected as 20°. Because 
of such oblique ion implantation, the phosphor was 
present under the control electrode 1003 even immedi- 
ately after the ion implantation. In this operation, with 
respect to the thickness of 400 nm of polycrystalline sil- 
icon, the projection stroke and standard deviation of 
phosphor were respectively 120 and 45 nm, whereby 
the polycrystalline silicon served satisfactorily as a mask 



(Fig. 8). In Fig. 8, there are also shown an n-type sub- 
strate 1001, a p-well 1002, and an n-layer 1004 of the 
photodiode. 

[0070] Then, a photoresist layer 609 was formed 
s again, and ion implantation of BF 2 was conducted at 35 
keV, utilizing the photoresist layer 609 and the control 
electrode 603 as a mask (Fig. 7C). 605 indicates a sur- 
facially highly doped p-layer. 
[0071] Then an As floating diffusion region 607 was 
10 formed by an ordinary semiconductor process (Fig. 7D). 
[0072] In this operation there were formed source and 
drain regions of the ordinary MOS transistor. 
[0073] Subsequently, a first interlayer insulation layer, 
a contact, a first metal wiring, a second interlayer insu- 
»s lation layer, a via connecting the first and second metal 
wirings, a second metal wiring and a passivation layer 
were formed one after another according to an ordinary 
semiconductor process. 

[0074] As a result, there was formed a bypass region 
20 606 of a width of about 1 00 nm. The threshold voltage 
of an ordinary MOS transistor having highly doped n- 
type diffusion layers on both sides, the threshold voltage 
of a transfer MOS transistor having a source consisting 
of a buried n-layer without the bypass region and the 
25 threshold voltage with the bypass region (configuration 
of the present invention) were respectively evaluated as 
0.7 V, 3.5 V and 0.7 V. These results indicate that the 
threshold voltage is lowered to the level of the ordinary 
MOS transistor. 
30 [0075] As the bypass region is formed by oblique 
phosphor ion implantation, the thermal treatment of 20 
minutes at 950°C employed in the example 2 for diffus- 
ing phosphor is omitted. As a result, the thermal treat- 
ment time in the semiconductor process could be short- 
35 ened, so that the peripheral MOS transistors for signal 
processing could be reduced in size. 
[0076] Now there will be explained a fifth embodiment 
of the present invention, relating to a method of forming 
the solid state image pickup device explained in the first 
io embodiment. In the fifth embodiment, the phosphor ion 
implantation is divided into a first ion implantation for 
forming the bypass region and a second ion implanta- 
tion for forming the n-layer of the photodiode. 
[0077] The first ion implantation was conducted with 
45 an ion implantation angle of 45°, and under a voltage of 
80 keV. In consideration of the profile of the p-layer hav- 
ing the highly doped surface, the ion implantation angle 
was selected larger than 20° in order to position the 
peak in the vicinity of the surface and to secure the by- 
50 pass region. 

[0078] The second ion implantation was conducted 
with an ion implantation angle of 7° and under a voltage 
o190 keV, in order to control the depletion voltage of the 
p-layer of the photodiode. 
55 [0079] In the present embodiment, by dividing the ion 
implantation for the bypass region and that for the n- 
layer of the photodiode, energy and dose of the ion im- 
plantation could be optimized for respective character- 
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istics. 

[0080] Now reference is made to Figs. 9A to 9D for 
explaining a sixth embodiment of the present invention, 
relating to a method of forming the solid state image 
pickup device explained in the first embodiment. In the s 
present embodiment, the photodiode and the peripheral 
configuration were formed in the following manner. 
[0081] Boron was introduced by ion implantation into 
an n-type substrate 1101, which was heat treated to 
form a p-well 1102 with a surfacial impurity concentra- 
tion of ca. 2 X 1 0 16 cm -3 , thereby forming the n-layer of 
the photodiode. After the formation of a gate oxide layer 
1 1 1 0 of a thickness of 30 nm by thermal oxidation, there 
was formed a control electrode 11 03 of the transfer MOS 
transistor. Subsequently phosphor ions were implanted 
under a voltage of 100 keV, utilizing a photoresist layer 
1108 and the control electrode 1103 as the mask (Fig. 
9A). 1104 indicates the n-layer of the photodiode. 
[0082] After the formation of a low-doped n-layer for 
LDD in the floating diffusion region, a side spacer 1111 
was formed with a width of 150 nm. 
[0083] Then, a photoresist layer 1109 was formed, 
and ion implantation of BF 2 was conducted at 35 keV, 
utilizing the photoresist layer 1109, the control electrode 
1103 and the spacer as a mask. The ion implantation 
angle was selected as 7° in order to control channeling 
(Fig. 9C). 1105 indicates a surfacially highly doped p- 
layer. 

[0084] Then an As floating diffusion region 1107 was 
formed by an ordinary semiconductor process (Fig. 9D). 
1106 indicates a bypass region. 
[0085] In this operation there were formed source and 
drain regions of the ordinary MOS transistor. 
[0086] Subsequently, a first interlayer insulation layer, 
a contact, a first metal wiring, a second interlayer insu- 
lation film, a via connecting the first and second metal 
wirings, a second metal wiring and a passivation layer 
were formed one after another according to an ordinary 
semiconductor process. 

[0087] As a result, there was formed a bypass region 
1106 of a width of about 150 nm. The threshold voltage 
of an ordinary MOS transistor having highly doped n- 
type diffusion layers on both sides, the threshold voltage 
of a transfer MOS transistor having a source consisting 
of a buried n-layer without the bypass region and the 
threshold voltage with the bypass region (configuration 
of the present invention) were respectively evaluated as 
0.7 V, 3.5 V and 0.7 V. These results indicate that the 
threshold voltage is lowered to the level of the ordinary 
MOS transistor. The above-mentioned side spacer cor- 
responds to the mask means. 
[0088] The mask means may naturally be composed 
also by a silicide layer or the like instead of the side spac- 
er. 

[0089] Now reference is made to Figs. 7A, 7B, 8 and 
10 for explaining a seventh embodiment of the present 
invention, relating to a method of forming the solid state 
image pickup device explained in the first embodiment. 



In the present embodiment, the photodiode and the pe- 
ripheral configuration were formed in the following man- 
ner. 

[0090] Boron was introduced by ion implantation into 
an n-type substrate 601 , which was heat treated to form 
a p-well 602 with a surfacial impurity concentration of 
ca. 4 x 10 16 cm -3 . After the formation of a gate oxide 
layer 610 of a thickness of 1 5 nm by thermal oxidation, 
polycrystalline silicon was deposited with a thickness of 
400 nm, thereby forming a control electrode 603 of the 
transfer MOS transistor (Fig. 7A). 
[0091] Then oblique ion implantation of phosphor was 
conducted under 100 keV, utilizing a photoresist layer 
1008 and the control electrode 1003 a mask. The ion 
implantation angle 6 was selected as 10°. Because of 
such oblique ion implantation, the phosphor was 
present under the control electrode 1003 even immedi- 
ately after the ion implantation. In this operation, with 
respect to the thickness of 400 nm of polycrystalline sil- 
icon, the projection stroke and standard deviation of 
phosphor were respectively 120 and 45 nm, whereby 
the polycrystalline silicon served satisfactorily as a mask 
(Fig- 8). 

[0092] Then, a photoresist layer 1209 was formed 
again, and ion implantation of BF 2 was conducted at 35 
keV, utilizing the photoresist layer 1209 and the control 
electrode 1203 as a mask. In this operation, the ion im- 
plantation angle was selected as -15° (Fig. 10). In Fig. 
10, there are shown an n-type substrate 1201 , a p-well 
1202 and an n-layer 1204 of the photodiode. 
[0093] As a result, the control electrode 1 203 formed 
a shadow and the surfacially highly doped p-layer 1205 
could be separated from the control electrode 1203 by 
a distance 400 X sin(15) = 100 nm. 
[0094] Then a floating diffusion region 607 including 
arsenic was formed by an ordinary semiconductor proc- 
ess (Fig. 7D). In this operation there were formed source 
and drain regions of the ordinary MOS transistor. 
[0095] Subsequently, a first interlayer insulation layer, 
a contact, a first metal wiring, a second interlayer insu- 
lation layer, a via connecting the first and second metal 
wirings, a second metal wiring and a passivation layer 
were formed one after another according to an ordinary 
semiconductor process. 

[0096] As a result, there was formed a bypass region 
606 of a width of about 1 50 nm. The threshold voltage 
of an ordinary MOS transistor having highly doped n- 
type diffusion layers on both sides, the threshold voltage 
of a transfer MOS transistor having a source consisting 
of a buried n-layer without the bypass region and the 
threshold voltage with the bypass region (configuration 
of the present invention) were respectively evaluated as 
0.7 V, 3.5 V and 0.7 V. These results indicate that the 
threshold voltage is lowered to the level of the ordinary 
MOS transistor. 

[0097] As the bypass region is formed by oblique 
phosphor ion implantation, the thermal treatment of 20 
minutes at 950"C employed in the example 2 for diffus- 
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ing phosphor was omitted. As a result, the thermal treat- 
ment time in the semiconductor process could be short- 
ened, so that the peripheral MOS transistors for signal 
processing could be reduced in size. 
[0098] In the following there will be explained, as a 
ninth embodiment of the present invention, the solid 
state image pickup device of the embodiment 1 or 
formed by methods explained in the second to eighth 
embodiments. The device is an region sensor having a 
pixel configuration of Fig. 11 employing the photodiode 
705 and the transfer MOS transistor, and also having a 
read-out circuit shown in Fig. 12. 
[0099] Referring to Fig. 1 1 , there are shown a transfer 
switch Q1 consisting of a transfer MOS transistor for a 
photodiode 705, a reset switch Q2 consisting of a reset 
MOS transistor for resetting the floating diffusion region, 
an input MOS transistor Q3 of a source follower ampli- 
fying circuit, consisting of a constant-current source 
812, of which gate is connected to the floating diffusion 
region and which is connected as a load of the source 
side, and a selection switch Q4 for selecting the pixel to 
be read. There are also shown a power supply line 701, 
a reset switch line 702, a selection switch line 703, a 
signal output line 704 and a transfer switch line 706. 
[0100] Fig. 12 illustrates a solid state image pickup 
device, employing the pixel cells of the above-described 
photoelectric conversion elements, in a 3 X 3 matrix. 
There are shown a power supply line 801 , a reset switch 
line 802, a selection switch line 806, a signal output line 
804 and a transfer switch line 813. 
[0101] In the following there will be explained basic 
functions of the circuits shown in Figs. 11 and 12: 

1 ) There are executed a resetting operation of en- 
tering a reset voltage to the input gate of the source 
follower circuit by the reset switch Q2 and a row se- 
lection by the selection switch Q4. 

2) The gate of the floating diffusion region of the in- 
put node of the source follower circuit is maintained 
at the floating state to read the noise components 
including the resetting noise and the fixed pattern 
noise such as the functuation in the threshold volt- 
age of the source follower MOS transistor, and the 
obtained noise information is stored in a signal ac- 
cumulation unit 805. 

3) Then the transfer switch Q1 is opened and closed 
to transfer the charge accumulated in the photodi- 
ode by the light signal, to the input node of the 
source follower circuit, and the sum of the afore- 
mentioned noise components and the light signal 
component is read and stored in the signal accumu- 
lation unit 805. 

4) The transfer switches 808, 808' for the common 
signal lines 1 , 2 are closed to transfer the noise 
component signal and the sum signal of the noise 
component and the light signal component respec- 
tively to the common signal lines 809, 809', and 
these signals are outputted as outputs 811, 811' re- 



spectively through output amplifiers 810. 

[0102] Subsequently the light signal component is ob- 
tained by calculating the difference between the outputs 
s 811, 811' to eliminate the resetting noise and the fixed 
pattern noise, thereby providing an image signal of a 
high S/N ratio. 

[0103] The signal and the noise were evaluated by ef- 
fecting the signal read-out through the above-described 

10 method. As a result, there could be obtained an S/N ratio 
as high as 75 to 85 dB in the dynamic range for each 
bit. Also the fluctuation in the S/N ratio in the foregoing 
embodiments was evaluated as follows: 

fourth and fifth embodiments < third, sixth and sev- 

15 enth embodiments « second embodiment 

This result indicates that the self-aligned formation uti- 
lizing the control electrode at a low temperature is more 
effective. 

[01 04] The foregoing embodiment allows to widen the 
20 dynamic range, by reducing the threshold value of the 
transfer MOS transistor, serving to transfer the photo- 
induced charge accumulated in the photodiode of the 
solid state image pickup device. In particular, since there 
is provided, between the photodiode and the control 
2$ electrode of the transfer MOS transistor, the floating dif- 
fusion region of a bypass region capable of effectively 
transferring the charge accumulated by electrons or 
positive holes, the following advantages can be ob- 
tained: 

30 

1) It is rendered possible to select a high impurity 
concentration in the floating diffusion region, where- 
by, by application of a bias to the control electrode 
of the transfer switch, the depletion layer generated 
35 between the well and the floating diffusion region 
can be effectively spread toward the p-well. This re- 
sults from a fact that the voltage at the signal read- 
out (resetting voltage) can be inputted arbitrarily 
and directly. 

40 2) There can be secured a wide dynamic range con- 
trollable by the external voltage, in contrast to the 
narrow dynamic range determined by the build-in 
potential of the impurity profile in the conventional 
CCD sensor. 

is 3) The potential barrier in the vicinity of the bypass 
region can be adequately lowered by selecting an 
appropriate voltage for the signal read-out, whereby 
the read-out of the photo-induced charge can be fa- 
cilitated. 

so 

[0105] Many widely different embodiments of the 
present invention may be constructed without departing 
from the spirit and scope of the present invention. It 
should be understood that the present invention is not 
55 limited to the specific embodiments described in the 
specification, except as defined in the appended claims. 
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Claims 

1 . A solid state image pickup device comprising: 

a photoelectric conversion unit including a first 
region of a first conductive type formed on a 
semiconductor substrate and having a principal 
surface, a second region of a second conduc- 
tive type formed in said first region, and a third 
region of the first conductive type formed be- 
tween said second region and the principal sur- 
face; 

a fourth region of the second conductive type 
formed in said first region; and 
a charge transfer unit including said first region, 
an insulation layer on said first region and a 
control electrode provided on said insulation 
layer, for transferring a signal charge accumu- 
lated in said photoelectric conversion unit, to 
said fourth region; 

wherein said photoelectric conversion unit and 
said charge transfer unit are connected through 
a fifth region of said second conductive type. 

2. A solid state image pickup device according to claim 
1 , wherein said fifth region is present under said 
control electrode of said charge transfer unit. 

3. A solid state image pickup device according to claim 
1 , wherein said fifth region is formed by impurity in- 
troduction after the formation of the control elec- 
trode of said charge transfer unit. 

4. A solid state image pickup device according to claim 
1 , wherein said fifth region is formed by a process 
including at least a step of introducing an impurity 
of said second conductive type by ion implantation, 
utilizing the control electrode of said charge transfer 
unit as a mask. 

5. A solid state image pickup device according to claim 
4, wherein said fifth region is formed by a process 
including at least a step of introducing an impurity 
of said second conductive type by ion implantation 
having an ion implantation angle, utilizing the con- 
trol electrode of said charge transfer unit as a mask. 

6. A solid state image pickup device according to claim 
1 , wherein said fifth region is formed by a process 
including at least a step of introducing an impurity 
of said second conductive type by ion implantation, 
utilizing the control electrode of said charge transfer 
unit and mask means provided on a side of the con- 
trol electrode of said charge transfer unit as a mask. 

7. A solid state image pickup device according to claim 
1 , wherein said second and fifth regions are formed 
by at least a same ion implantation step of introduc- 



ing an impurity of said second conductive type, uti- 
lizing the control electrode of said charge transfer 
unit as a mask. 

s 8. A solid state image pickup device according to claim 
1 , wherein said second and fifth regions are formed 
by at least plural ion implantation steps of introduc- 
ing an impurity of said second conductive type, uti- 
lizing the control electrode of said charge transfer 

10 unit as a mask. 

9. A solid state image pickup device comprising: 

a photoelectric conversion unit including a first 
is region of a first conductive type formed on a 

semiconductor substrate and having a principal 
surface, a second region of a second conduc- 
tive type formed in said first region, and a third 
region of the first conductive type formed be- 
20 tween said second region and the principal sur- 

face; 

a fourth region of the second conductive type 

formed in said first region; and 

a charge transfer unit including said first region, 

25 an insulation layer on said first region and a 

control electrode provided on said insulation 
layer, for transferring a signal charge accumu- 
lated in said photoelectric conversion unit, to 
said fourth region; 

30 wherein said second region is formed by ion im- 

plantation of an impurity of said second conduc- 
tive type, utilizing the control electrode of said 
charge transfer unit as a mask. 

35 10. Asolidstate image pickup device according to claim 
9, wherein the first region of said charge transfer 
unit is a floating diffusion region, and there is pro- 
vided an amplifying MOS transistor having a gate 
electrode connected to said floating diffusion re- 

40 gion. 

11 . A method for forming a solid state image pickup de- 
vice comprising a photoelectric conversion unit in- 
cluding a first region of a first conductive type 

45 formed on a semiconductor substrate and having a 
principal surface, a second region of a second con- 
ductive type formed in said first region, and a third 
region of the first conductive type formed between 
said second region and the principal surface; a 

so fourth region of the second conductive type formed 
in said first region; and a charge transfer unit includ- 
ing said first region, an insulation layer on said first 
region and a control electrode provided on said in- 
sulation layer, for transferring a signal charge accu- 

55 mutated in said photoelectric conversion unit, to 
said fourth region the method comprising: 

a step of forming a fifth region of said second 
conductive type between said photoelectric conver- 
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sion unit and said charge transfer unit. 

1 2. A method for forming a solid state image pickup de- 
vice according to claim 1 1 , wherein said second re- 
gion is formed by an ion implantation step of an im- s 
purity of said second conductive type, utilizing the 
control electrode of said charge transfer unit as a 
mask. 

13. A method for forming a solid state image pickup de- JO 
vice according to claim 1 2, wherein said ion implan- 
tation step implants ions with an ion implantation 
angle. 

1 4. A method for forming a solid state image pickup de- <5 
vice according to claim 1 1 , wherein said second and 
fifth regions are formed by a process including at 
least a step of introducing an impurity of said sec- 
ond conductive type plural times by ion implanta- 
tion, utilizing the control electrode of said charge so 
transfer unit as a mask. 

1 5. A method for forming a solid state image pickup de- 
vice according to claim 11 , wherein said fifth region 

is formed by forming said third region by ion implan- 25 
tation of an impurity of said first conductive type, uti- 
lizing the control electrode of said charge transfer 
unit and mask means provided on a side of the con- 
trol electrode of said charge transfer unit as a mask. 
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